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Of the 5,743 known amphibian species, it is estimated that one-third (32.5%) are at risk of 
extinction and perhaps as many as 122 species have gone extinct since 1980 (Stuart et al. 2004). There 
are a number of likely causes for this faunal collapse. Amphibians are especially sensitive to 
environmental contaminants due to the permeability of their eggs and their larval and adult skin. While 
habitat destruction is likely the biggest cause of amphibian declines (Gallant et al. 2008), securing 
habitat is no longer a prescription for survival because disease has had significant impacts on 
amphibian populations.  One such disease is caused by the highly contagious pathogenic fungus 
Batrachochytrium dendrobatidis (Bd), the causative agent of amphibian chytridiomycosis first 
identified in 1999 (Longcore et al., 1999). This organism is the only member of the phylum 
Chytridiomycota known to parasitize vertebrates (Berger et al. 1998; Longcore et al. 1999). 
Documented declines due to chytridiomycosis have occurred in Australia, Europe, Africa, North 
America, Central America, South America and the Caribbean (Berger et al. 1998; Daszak et al. 2003; 
Hopkins and Channing 2003; Lips et al. 2006; Wake and Vredenburg, 2008). The origin of this 
pathogen is unknown; however recent evidence suggests a sudden range expansion facilitated by 
human transport or introduction of a carrier organism (Morehouse et al. 2003; Daszak et al. 2003; 
Weldon et al. 2004). Although the actual mechanism of mortality is also unknown, the Bd disease 
results in mass die-offs in susceptible amphibian species (Lips et al. 2006). However, not all amphibian 
species are affected and a clear mechanism of resistance that affords some species protection from the 
fungus has not been established (Longcore et al. 2007; Rothermel et al. in press). 
Accurate identification of amphibian populations likely to be exposed to Bd is required for 
effective disease management (Kriger and Hero 2007a). In Australia, climatic variables such as 
rainfall, relative humidity and temperature have explained a significant amount of variation in the 
prevalence and intensity of Bd among sites and years (Kriger et al. 2007; Murray et al. 2012). 
However, snout-vent length was found to consistently be the best predictor of infection levels across 
infected sites and small frogs were more likely to be infected and carried more intense infections than 
larger frogs (Kriger et al. 2007). Further, wild frogs have been shown to be capable of acquiring Bd as 
adults, but can subsequently clear an infection (Kriger and Hero 2007b). Overall, infections are not 
evenly distributed across the landscape and typically are restricted to amphibians breeding at 
permanent water bodies (Kriger and Hero 2007a). Additionally, species that hibernate in terrestrial 
habitats seem to have lower rates of infection than species that hibernate in aquatic habitats (Longcore 
et al. 2007).   
In the United States less is known about Bd impacts on amphibian populations, but studies have 
been conducted to identify the distribution of Bd in the Pacific Northwest (Pearl et al. 2007), Rocky 
Mountains (Muths et al. 2008), Northeastern U.S. (Longcore et al. 2007), and Southeastern U.S. 
(Rothermel et al. 2008). However, in the Midwestern U.S., little is known about the status and 
distribution of Bd in amphibian populations, and nothing is known about the accuracy of current 
survey methods in detecting Bd throughout the U.S. One major problem with any in situ sampling 
method is that detection of organisms is imperfect (MacKenzie et al. 2002; Schmidt 2003). A 
conclusion of absence may simply be an artifact of the survey scheme, rather than actual absence.  
Research focused on understanding the parameters leading to massive mortality of amphibian 
populations in some regions during certain time frames is important for the development of 
conservation and management strategies. Sampling for Bd up to this point has largely been 
opportunistic and haphazard, so little information exists on the true presence/absence of the disease 
across the U.S., and thus, how to most appropriately sample for it. In addition, more information is 
needed concerning the relationship of Bd prevalence with environmental and climate variables. The 
ability to detect Bd with a standardized protocol is necessary for the management of amphibian 
populations and determining how environmental and temporal factors affect detection probabilities is 
crucial. Obtaining information on the distribution, prevalence, and detectability of Bd in the 
Midwestern U.S. is a critical first step in assessing the threat this pathogen may pose to amphibian 
assemblages and directing conservation actions towards affected species.   
 
The objectives of this research are to 1) Estimate the prevalence of Bd in Midwestern U.S. cricket frog 
populations; 2) Determine how environmental and temporal factors affect estimated prevalences. 
 
Materials & Methods 
Study Organism. In order to have consistency and transferability of results among sites, a species that 
occurs at all sites to be sampled and known to be susceptible to Bd was chosen. Within the Midwest 
region, cricket frogs (Acris crepitans/A. blanchardi) provide a suitable model species. Cricket frogs are 
small anurans that use permanent bodies of water (ponds and streams) for breeding, and overwinter 
near these aquatic habitats. Additionally, cricket frogs have experienced recent, enigmatic declines 
throughout many northern Midwestern states (Gray and Brown 2005), making them a species of 
special conservation concern throughout the region. 
 
2009 Study Sites. Six military bases were sampled: (1) Camp Atterbury, Indiana (33,485 acres); (2) 
Naval Surface Warfare Center Crane Division, Indiana (64,000 acres); (3) Fort Campbell, Kentucky 
(105,068 acres); (4) Fort Knox, Kentucky (110,196 acres); (4) Sparta Training Center, Illinois (2,642 
acres), and (5) Fort Leonard Wood, Missouri (63,000 acres). Each of these sites encompasses 
restricted-access areas, limiting the number of human visitors. To better understand the role that 
humans play in Bd occupancy and detectability, three public-use areas, each in close proximity to one 
of the military bases, were also sampled: (1) Hillenbrand Fish & Wildlife Area, Indiana (3,400 acres); 
(2) Peabody Wildlife Management Area, Kentucky (45,732 acres); and (3) Woodson K. Woods 
Memorial Conservation Area, Missouri (7,293 acres). At each of these sites we swabbed post-
metamorphic cricket frogs (Acris crepitans or A. blanchardi) at six wetlands during three different 
visits over the course of the 2009 field season.  
 
2011 Study Sites. Because of the low number of frogs encountered at some of the sites in 2009, 
wetlands at only three of the 2009 military bases were re-sampled; Crane, Sparta, and Fort Leonard 
Wood and three of the wetlands from the 2009 public-use sites were re-sampled; two at Hillenbrand 
and one at Woodson K. Woods.  We added five privately owned wetlands in an E-W transect from 
Crane to Fort Leonard Wood.  At each site we again swabbed post-metamorphic cricket frogs, but this 
time during two visits over the course of the field season. 
 
Capture & Swabbing. Frogs were captured by placing a clean plastic zipper bag in front of the 
individual and coaxing it to jump into the bag.  We used the swabbing protocols of Brem et al. (2007), 
swabbing the dorsum, flanks, ventrum, cranium, inguinal regions, and both the palmar and plantar 
surfaces of each foot with a sterile swab.  Each region was rubbed five times for a total of 50 strokes of 
each frog. Swabs were stored in individually labeled vials of 70% ethanol and frogs were released after 
swabbing. To prevent cross contamination and reduce lab glove waste, we swabbed adult and juvenile 
anurans by coaxing the animal to the top of the zipper bag, gently grasping the hind leg through the 
plastic bag, then opening the bag.  As the animal tried to escape through the opening it presented itself 
for thorough swabbing.  
 
Laboratory Analysis.  We used nested PCR to detect the presence of Bd (Gaertner et al. 2009). Initial 
reactions with the universal fungal primers ITS1f (5’–CCT GGT CAT TTA GAG GAA GTAA-3’) and 
ITS4 (5’TCC TCC GCT TAT TGATAT GC-3’) (White et al. 1990) were performed in 50-ul volumes 
using the following: Platinum Taq PCR buffer (1X), MgCl2 (2 mM), dNTP’s (1:1:1:1, 0.1 mM), ITS1f 
primer (0.5 mM), ITS4 primer (0.5 mM), BSA (0.2 µg/µl), Platinum Taq DNA Polymerase (1 U), and 
Extracted DNA Sample, 2 µl. Thermocycling conditions consisted of an initial 10-minute denaturation 
at 94°C followed by 30 cycles of the following: 45 seconds at 94°C, 45 seconds at 57°C, and 60 
seconds at 72°C. A final extension of 7 minutes at 72°C completed the reaction. Internal fragments of 
the nested PCR approach were produced using primers Bd1a (5’-CAG TGT GCC ATA TGT GAC G-
3’) and Bd2a (5’-CAT GGT TCA TAT CTG TCC AG-3’) (Annis et al., 2004). Reaction conditions 
were identical to those described above except the denaturation temperature was 93°C and the 
annealing temperature was 60°C. Amplification products were visualized on a 2% agarose gel 
(Ameresco agarose 3:1 HRB) containing 1X GelStar nucleic acid gel stain (Lonza). Presence or 
absence of a 300-bp band was compared against the EZ Load 100-bp molecular ruler (Bio-Rad) and a 
positive control. 
 
Environmental Variables.  In addition to date of swabbing, we analyzed the following temperature and 
precipitation variables for relationship to Bd prevalence; average maximum temperature 30 days prior 
to swabbing (30d Tmax); average maximum temperature 60 days prior to swabbing (60d Tmax); and 
total precipitation 30 days prior to swabbing (30d Precip).  These weather variables have been shown 
to explain a significant amount of variance in Bd prevalence in amphibians across sites and years 
(Murray et al. 2013).  Weather data were taken from weather stations nearest to the study sites using 
the National Climatic data center’s website: http://www.ncdc.noaa.gov/cdo-web/ . 
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Tables & Figures 
Table 1.  Sample size, number and percent cricket frogs positive, date and location for  
ponds surveyed for Bd at Ft. Knox, KY in 2009. 
Pond Positive/n % Pos Date  Latitude Longitude 
Carlson Lake 11/20 55 5/12/09 37.90656 -86.02480 
 1/20 5 7/7/09   
 0/20 0 9/16/09   
Totals 12/60 20    
Douglas Lake 14/20 70 5/12/09 37.82535 -85.88447 
 1/20 5 7/7/09   
 0/20 0 9/16/09   
Totals 15/60 25    
Sanders Lake 15/20 75 5/12/09 37.86051 -85.92725 
 0/3 0 7/7/09   
 0/2 0 9/16/09   
Totals 15/25 60    
Ordinance Lake 17/20 85 5/13/09 37.95457 -85.98394 
 0/20 0 7/7/09   
 2/20 2 9/16/09   
Totals 19/60 31.67    
Rusted Shed Pond 19/20 95 5/13/09 37.94868 -85.98113 
 0/20 0 7/7/09   
 1/20 5 9/16/09   
Totals 20/60 33.33    




Table 2.  Sample size, number and percent cricket frogs positive, date and location for  
ponds surveyed for Bd at Ft. Campbell, TN in 2009. 
Pond Positive/n % Pos Date  Latitude Longitude 
Lake Taal 15/20 75 5/14/09 36.58106 -87.48089 
 0/20 0 7/8/09   
 0/20 0 9/14/09   
Totals 15/60 25    
Area 8 Pond 12/20 60 5/14/09 36.55905 -87.52812 
 3/20 15 7/9/09   
 0/20 0 9/14/09   
Totals 15/60 25    
Amy’s Pond 19/20 95 5/14/09 36.60358 -87.56964 
 0/20 0 7/9/09   
 0/20 0 9/14/09   
Totals 19/60 31.67    
Area 19 Pond 16/20 80 5/14/09 36.59521 -87.60886 
 0/20 0 7/9/09   
 0/20 0 9/14/09   
Totals 16/60 26.67    
Beaver Pond 15/20 75 5/15/09 36.57946 -87.72866 
 1/20 5 7/9/09   
 0/20 0 9/14/09   
Totals 16/60 26.67    
Lake Kyle 12/20 60 5/15/09 36.57954 -87.66002 
 0/20 0 7/9/09   
 0/20 0 9/14/09   
Totals 12/20 20    




Table 3.  Sample size, number and percent cricket frogs positive, date and location for  
ponds surveyed for Bd at Camp Atterbury, IN in 2009. 
Pond Positive/n % Pos Date  Latitude Longitude 
Forestry Pond 13/20 65 5/20/09 39.34084 -86.03422 
 0/20 0 7/16/09   
 1/20 5 9/30/09   
Totals 14/60 23.33    
Engineer Lake 6/20 30 5/20/09 39.32979 -86.00201 
 1/20 5 7/16/09   
 0/20 0 9/30/09   
Totals 7/60 11.67    
Cabin Lake 2/20 10 5/20/09 39.35966 -86.01125 
 0/20 0 7/16/09   
 0/20 0 9/30/09   
Totals 2/60 3.33    
Watertower Pond 11/20 55 5/21/09 39.35651 -86.04880 
 1/20 5 7/16/09   
 0/20 0 9/30/09   
Totals 12/60 20    
Tank Wash Pond 2/20 10 5/21/09 39.34876 -86.04224 
 0/5 0 7/16/09   
 0/0 0 9/30/09   
Totals 2/25 8    
Poison Ivy Pond 5/20 25 5/21/09 39.32880 -85.98824 
 0/20 0 7/16/09   
 0/20 0 9/30/09   
Totals 5/60 8.33    
Grand Totals 42/325 12.9    
 
Table 4.  Sample size, number and percent cricket frogs positive, date and location for  
ponds surveyed for Bd at Crane Naval Weapons Station in 2009. 
Pond Positive/n % Pos Date  Latitude Longitude 
Landfill Pond 10/20 50 5/19/09 38.80554 -86.89135 
 3/20 15 7/15/09   
 0/20 0 9/17/09   
Totals 13/60 21.67    
Tenth Hole Pond 5/20 25 5/19/09 38.81696 -86.88631 
 3/20 15 7/15/09   
 0/20 0 9/17/09   
Totals 8/60 13.33    
Seed Tick Lake 8/20 40 5/19/09 38.76843 -86.88915 
 0/20 0 7/15/09   
 0/20 0 9/17/09   
Totals 8/60 13.33    
Wood Frog Pond 13/20 65 5/19/09 38.77497 -86.87868 
 0/20 0 7/15/09   
 0/20 0 9/17/09   
Totals 13/60 21.67    
Drift Fence Pond 6/20 30 5/19/09 38.79034 -86.79292 
 0/20 0 7/15/09   
 4/20 20 9/17/09   
Totals 10/60 16.67    
Dogwood Pond 6/20 30 5/20/09 38.86866 -86.68164 
 0/20 0 7/15/09   
 1/20 5 9/17/09   
Totals 7/60 11.67    
Grand Totals 59/360 16.39    
 
  
Table 5.  Sample size, number and percent cricket frogs positive, date and location for  
ponds surveyed for Bd at Sparta Training Center, IL in 2009. 
Pond Positive/n % Pos Date  Latitude Longitude 
Boat Pond 8/20 40 5/7/09 38.15937 -89.73753 
 1/20 5 6/29/09   
 1/20 5 8/31/09   
Totals 10/60 16.67    
Planted Tree Pond 5/20 25 5/7/09 38.15554 -89.73454 
 0/20 0 6/29/09   
 0/20 0 8/31/09   
Totals 5/60 8.33    
Algae Pond 15/20 75 5/7/09 38.16861 -89.71869 
 2/20 10 6/29/09   
 1/20 5 8/31/09   
Totals 18/60 30    
Spillway Pond 15/20 75 5/7/09 38.16327 -89.72457 
 2/20 10 6/29/09   
 1/20 5 8/31/09   
Totals 18/60 30    
Metal Pond 15/20 75 5/7/09 38.15541 -89.72671 
 1/20 5 6/29/09   
 0/20 0 8/31/09   
Totals 16/60 26.67    
Turtle Pond 14/20 70 5/8/09 38.15038 -89.74424 
 2/20 10 6/29/09   
 0/20 0 8/31/09   
Totals 16/60 26.67    
Grand Totals 83/360 23.06    
 
  
Table 6.  Sample size, number and percent cricket frogs positive, date and location for  
ponds surveyed for Bd at Fort Leonard Wood, MO in 2009. 
Pond Positive/n % Pos Date  Latitude Longitude 
Red Lake 11/20 55 5/5/09 37.73087 -92.17048 
 0/20 0 6/29/09   
 1/20 5 8/31/09   
Totals 12/60 20    
Pen’s Pond 13/21 62 5/5/09 37.69267 -92.19290 
 1/20 5 6/29/09   
 1/20 5 8/31/09   
Totals 15/61 24.59    
CDTF Pond 7/21 33.33 5/5/09 37.73318 -92.15120 
 1/20 5 6/29/09   
 1/20 5 8/31/09   
Totals 9/61 14.75    
McCann Pond 12/20 60 5/5/09 37.67772 -92.20201 
 0/20 0 6/29/09   
 0/20 0 8/31/09   
Totals 12/60 20    
Bloodland Pond 12/20 60 5/5/09 37.68480 -92.16656 
 0/20 0 6/29/09   
 0/20 0 8/31/09   
Totals 12/60 20    
Route 20 Pond 9/20 45 5/5/09 37.73749 -92.16936 
 1/20 5 6/29/09   
 0/20 0 8/31/09   
Totals 10/60 16.67    
Grand Totals 70/326 19.34    
 
  
Table 7.  Sample size, number and percent cricket frogs positive, date and location for  
ponds surveyed for Bd at Woodson K. Woods Memorial Conservation Area, MO in 2009. 
Pond Positive/n % Pos Date  Latitude Longitude 
Gravel Pit Pond 7/20 35 5/4/09 37.93572 -91.51160 
 9/20 45 6/30/09   
 2/20 10 9/1/09   
Totals 18/60 30    
Homestead Pond 15/20 75 5/4/09 37.97221 -91.55441 
 1/20 5 6/30/09   
 0/20 0 9/1/09   
Totals 16/60 26.67    
Boy’s Town Pond 12/20 60 5/6/09 37.98857 -91.57227 
 1/20 5 6/30/09   
 1/20 5 9/1/09   
Totals 14/60 23.33    
Golf Course Pond 17/20 85 5/6/09 37.98153 -91.59898 
 0/20 0 6/30/09   
 1/20 5 9/1/09   
Totals 18/60 30    
Old Lady Pond 7/20 35 5/6/09 37.96352 -91.43609 
 1/20 5 6/30/09   
 0/20 0 9/1/09   
Totals 8/60 13.33    
Plank Pond 6/20 30 5/6/09 37.95628 -91.42638 
 2/20 10 6/30/09   
 2/20 10 9/1/09   
Totals 10/60 16.67    
Grand Totals 84/360 23.33    
 
  
Table 8.  Sample size, number and percent cricket frogs positive, date and location for  
ponds surveyed for Bd at Hillenbrand Fish & Wildlife Area, IN in 2009. 
Pond Positive/n % Pos Date  Latitude Longitude 
Moss Lake 14/20 70 5/18/09 39.11480 -87.22205 
 2/20 10 7/14/09   
 0/20 0 9/21/09   
Totals 16/60 26.67    
Crystal Lake 20/20 100 5/18/09 39.11934 -87.23377 
 0/20 0 7/14/09   
 0/20 0 9/21/09   
Totals 20/60 33.33    
Shovel West Lake 15/20 75 5/18/09 39.12457 -87.22274 
 1/20 5 7/14/09   
 1/20 5 9/21/09   
Totals 17/60 28.33    
Midland Lake 17/20 85 5/18/09 39.12541 -87.17403 
 3/20 15 7/14/09   
 0/20 0 9/21/09   
Totals 20/60 33.33    
Dove Lake 11/20 55 5/18/09 39.11581 -87.16469 
 1/20 5 7/14/09   
 0/20 0 9/21/09   
Totals 12/60 20    
Front Lake 19/20 95 5/18/09 39.10738 -87.14878 
 2/20 10 7/14/09   
 0/20 0 9/21/09   
Totals 21/60 35    
Grand Totals 106/360 29.44    
 
  
Table 9.  Sample size, number and percent cricket frogs positive, date and location for  
ponds surveyed for Bd at Peabody Wildlife Management Area, KY in 2009. 
Pond Positive/n % Pos Date  Latitude Longitude 
Nerodia Pond 10/20 50 5/11/09 37.28948 -86.89378 
 6/20 30 7/6/09   
 2/20 10 9/16/09   
Totals 18/60 30    
Ditch Pond 10/21 50 5/11/09 37.28503 -86.95592 
 3/20 15 7/6/09   
 0/20 0 9/16/09   
Totals 13/60 21.67    
Thorn Pond 13/20 65 5/11/09 37.29424 -86.87204 
 0/20 0 7/6/09   
 1/20 5 9/16/09   
Totals 14/60 23.33    
Big Rock Pond 13/20 65 5/13/09 37.22939 -86.96566 
 1/20 5 7/6/09   
 0/20 0 9/15/09   
Totals 14/60 23.33    
Goose Lake 12/20 60 5/13/09 37.23735 -87.03074 
 0/20 0 7/6/09   
 0/20 0 9/15/09   
Totals 12/60 20    
Paradise Pond 19/20 95 5/15/09 37.22046 -87.01256 
 1/20 5 7/6/09   
 3/20 15 9/15/09   
Totals 23/60 38.33    
Grand Totals 94/360 26.11    
 
  
Table 10.  Average maximum temperature 30 days prior to swabbing  
(30d Tmax); average maximum temperature 60 days prior to swabbing  
(60d Tmax); and total precipitation 30 days prior to swabbing (30d Precip)  
for nine sites surveyed for Bd in 2009.  Survey periods correspond to the sampling  
dates given in tables 1-9. 
Site Survey  
Period 
30d Tmax (C) 60d Tmax (C) 30d Precip (mm) 
Fort Knox 1 21.93 19.69 134.37 
 2 28.82 27.32 237.24 
 3 28.23 28.33 21.08 
Fort Campbell 1 22.41 20.37 247.65 
 2 30.87 28.72 75.44 
 3 28.46 28.74 63.75 
Crane NWS 1 21.5 18.5 199.9 
 2 27.78 26.68 137.16 
 3 26.33 26.93 27.94 
Camp Atterbury 1 21.24 18.03 186.69 
 2 27.89 26.93 92.27 
 3 24.51 25.6 66.29 
Sparta TC 1 19.79 18.17 156.21 
 2 30.47 27.43 107.19 
 3 30.09 29.51 80.77 
Fort Leonard Wood 1 18.07 16.98 118.36 
 2 28.78 25.83 151.64 
 3 27.62 27.75 34.8 
Woodson K. Woods 1 17.87 17.46 113.79 
 2 28.87 26.29 161.29 
 3 28.94 28.49 39.88 
Hillenbrand FWA 1 21.39 18.33 199.14 
 2 28.56 27.18 110.24 
 3 26.09 27.32 5.84 
Peabody WMA 1 21.54 19.37 114.81 
 2 30.74 28.53 177.55 
 3 28.24 28.93 59.69 
 
  
Table 11.  Mean, standard error, and range of average maximum temperature 30 days prior to 
swabbing (30d Tmax); average maximum temperature 60 days prior to swabbing (60d Tmax); and 
total precipitation 30 days prior to swabbing (30d Precip) for nine sites surveyed for Bd in 2009.   
 
 Mean SE Range 
30d Tmax (C) 25.82 0.7825 17.87 – 30.87 
60d Tmax (C) 24.87 0.861 16.98 – 29.51 
30d Precip (mm) 115.59 12.728 5.84 – 247.65 
 
 
